and Au 4 ) were calculated using the B3LYP functional. The 6-31G* basis set was applied to all the main group elements. An improved 6-31G* basis set, m6-31G*, was utilized for all the 3d metals, and the LANL2DZ basis set was used for all the 4d and 5d metals. To assess the reliability of the B3LYP functional, the B3LYP results were compared with previous computational studies, shown in Table S1 . In general, the structures of the clusters calculated in the present work have good agreement with previous studies 1-9 . In addition to B3LYP, the adsorption free energies of CO 2 to the ten clusters were calculated using the M06, PBE0 and CCSD(T) methods (only Cu, Ag and Au clusters were calculated using CCSD(T) method) , based on the B3LYP geometries and thermal correction. As shown in Table   S2 , the more negative the adsorption free energies are, the stronger CO 2 binds to the cluster. The with both B3LYP and PBE0 functionals. Since this work is focused on the comparisons and tendency of the metal clusters for the electrocatalysis of CO 2 , the B3LYP functional was selected to study the reaction energetics based on its reliability and acceptable accuracy. Since the B3LYP/6-31G* method is used to calculate the reaction energies we have carried out calculations of the B3LYP/6-31G* atomization energies of small molecules and radicals related to the present work and compared with experiment. The results are given in Table S3 .
The errors of the atomization energies of H 2 O, CO, CH 3 OH, HCOOH and COOH are significant, while those of the other systems are less than 0.2 eV. These errors may affect the energies of certain reactions, such as the water-gas shift reaction. Therefore, the reaction enthalpies of 9 reactions were analyzed, and corrections were added to the total energies for each molecule based on the errors of the atomization energies against experiment (Table S3 ). Shown in Table   S4 , before correction, B3LYP/6-31G* yields large errors for some of the analyzed reactions, especially reactions 2 and 8. The small errors shown for reactions 3 and 7 are mainly due to error cancellation. After the empirical corrections were added to each molecule, the errors were reduced to no more than 0.07 eV. In the present work, corresponding empirical corrections (Table S3) were added to the total energies of related small molecules and radicals calculated by B3LYP/6-31G* to obtain more accurate reaction free energies. For the PBE/plane wave calculations, the same corrections as that Peterson et al. 11 suggested for PBE calculations were used.
S2. Reaction Network of the Electrochemical Reduction of CO 2 to Fuels
A reaction network containing 38 intermediates was studied for the electrochemical reduction of CO 2 to HCOOH, CO, CH 4 , CH 3 OH and C 2 H 4 ( Figure S1 ). In general, the reaction pathways in the network are initiated by three major reactions:
CO 2 + H + + e -+ * → COOH*
CO 2 + H + + e -+ * → HCOO*
Eqn. 1 is the chemisorption of CO 2 , Eqn. 2 and 3 are the electrochemical adsorption of CO 2 with the proton transferred to an oxygen atom and the carbon atom, respectively. The reaction free energies of all elementary steps were calculated. The highlighted reaction pathway in Figure S1 was identified to be the thermodynamically most favorable pathway for all five considered 
S3. Ground State Multiplicities and Relative Energies
All possible multiplicities of all species were taken into account. The ground state multiplicities and relative free energies of the species in the discussed pathways (pathways 1 and 2 in the main text) are listed in Table S3 , where the index numbers correspond to the indices of intermediates in Figures 2-6 in the main text. The energies of all the states relative to the initial state, * + CO 2 , were calculated using Eqn. 4:
where G state is the calculated free energy of the considered state, G int is the calculated free energy of the initial state, G (H+ + e-) is the calculated free energy of a (proton + electron) pair, which equals to a half of the free energy of a H 2 molecule, and n is the total number of (proton + electron) pairs transferred to form the corresponding state from the initial state. For example, the relative free energy of state 4 (CHO*) is calculated as: 
